Although research on the effectiveness of manipulative materials in mathematics education sometimes has conflicting results, the majority reports positive effect (Clements, 1999; Smith, Olkun & Middleton, 1998) . According to Sowell (1989) , long-term use of concrete materials was clearly superior to symbolic instruction encompassing specific topics and the entire mathematics curriculum, especially in early elementary grades. Additionally, teachers reporting greater use of a variety of instructional aids in teaching school mathematics also reported greater course coverage (Raphael & Wahlstrom, 1989) . The extensive use of instructional aids was found strongly related to the student achievement in some topics such as geometry, ratio, proportion, and percent, surprisingly however it was found virtually unrelated to the student achievement in measurement (Raphael & Wahlstrom, 1989) . As Clements (1999) argued, as long as a manipulative makes sense for a topic it is beneficial.
For some time now, teachers have been using manipulatives in teaching school mathematics. This movement might have gained impetus partly because of the intiutive pedagogical sequence that claims that children learn better if the instruction goes from concrete to abstract. This sequence has been used without much questioning (Clements, 1999) . Especially with the advancement in computer technologies, the sequence needs to be redefined. For example, it is difficult where to place a computer manipulative in this sequence. Could it be said to be just "pictorial" and placed it somewhere in the middle of the sequence? It looks neither concrete nor pictorial in the same sense. Therefore, it needs to be studied in its own right while comparing it with its concrete counterparts.
A major difference between concrete and computer manipulatives is their physical nature. Therefore, the term "concrete" calls for other notions such as active touch (Gibson, 1962) . The computer manipulative is more interactive than a picture or video, but provides less sense stimuli than a concrete manpulative. In other words, concrete manipulatives provide children with tactile experiences that are different or absent with computer manipulatives. One might ask, however, "Is it really necessary to actively touch a concrete manipulative to learn something about 2-dimensional geometric shapes?" Gibson (1962) argued; "active touch is an excellent channel of spatial information in that the arrangement of surfaces is readily picked up" (p. 484). On the other hand, drawings and pictures on a flat surface are all two dimensional and therefore sensed only by vision. Both touch and vision are spatial senses. Planarity, curvature, slant, paralellity, span, edge, and corner that constitute the shape of an object might be conceived as variables of solid geometry (Gibson, 1962) . Active touch might be useful for learning these aspects of 3-dimensional objects. However, it is not clear yet if one learns more about plane geometry by touching (i.e., manipulating) concrete representations. Alternatively, could it be better sometimes to use a computer manipulative instead?
Since the computer screen is inherently 2-dimensional, it might be a more appropriate medium for studying some aspects of 2D geometry. Additionally, the dynamic, clean, flexible, replayable, and controllable nature of computer environments may make them more advantegous over their concrete counterparts (Clements, 1999) . Given some experience with computers, such transformations as rotating, flipping, and dragging a 2-dimensional shape seem easier on a computer than making the same movements with concrete materials. On the other hand, the physical activity of flipping over a wooden piece may provide some information about reflection not present in the computer manipulative. The computer environment also seems more managable while working with several pieces. When solving a puzzle, for example, it is especially difficult to keep the concrete pieces in the place where they are left. Could these factors sum up to an advantage for learning some aspects of 2D geometry?
The purpose of the present study was to compare the effects of concrete and computer versions of Tangrams for learning the same mathematical content, specifically reasoning about 2D geometric shapes and their variants.
Research question: How do computer and concrete manipulatives compare in terms of student achivement in relatively similar geometric situations? The following sub questions further articulate the main research question:
1. Do manipulatives (computer and concrete) have any effect on students geometric reasoning? 2. Are there effects of training with computer/concrete manipulatives on subsequent related geometry tasks, compared with no such training? 3. How do boys and girls compare in terms of learning geometry from (computer and concrete) manipulatives? 4. How do fourth and fifth graders compare in terms of learning geometry from (computer and concrete) manipulatives?
METHOD Participants
A pretest was administered to 99 students. However, six of the students were left the study before completion. As a result, 93 students from fourth and fifth grades of an elementary school in a low socio-economic area participated in the study. Participation was entirely on a voluntary basis.
Both fourth and fifth graders have a regular two-hour computer class in which they play computer games and learn how to use a computer for word and picture processing. Considering this in-school use only, it can be said, therefore that before the study fifth graders had relatively more computer experience than fourth graders since they have been taking the course for two years. None of the students, however, have previously seen the materials used in the study.
Procedure
A pretest, treatment, and posttest experimental design was used for the study. There were three groups of 31 students. These were the computer, concrete, and control groups. The two experimental groups, computer and concrete, spent equal amounts of time solving the same puzzles. The computer group solved the puzzles on computers. The concrete group used Tangram pieces made of wood to solve the puzzles laid out on paper. The students in the control group continued on in their regular classes and were not shown any of the treatment materials. However they did participate in the pre and posttests.
The pretests were administered in the Fall semester near the end of September. Treatments were done in mid October. The treatment time ranged from 80 to 120 minutes for each student. The posttests were given to the subjects immediately after the treatment.
Pre and Posttest
For testing purposes, a paper and pencil test consisting of 24 two dimensional geometry questions was designed by the researcher. Four types of questions were included in the test: spatial, spatio-numeric, mental rotation, and informal area measurement. Spatio-numeric tasks. Seven of the questions were spatial-numeric (Clements, Battista, Sarama & Swaminathan, 1997) . They were similar to the visual questions but to answer them, one needs some additional numerical resoning based on the dimensions of the figures given (Figure 2 ). Similar items can be found in the The Third International Mathematics and Science Study report (TIMSS, 1999) .
Figure 2. Two examples for spatial-numeric tasks
Informal area measurement tasks. Five of the questions had to do with informally measuring areas of geometric shapes (Figure 3 ). Finding the number of square units in regular and irregular shapes (Mistretta, 2000; Battista, Clements, Arnoff, Battista & Borrow, 1998) is considered a required skill in learning geometry and measurement concepts. Mental rotation tasks. Finally, the last group of seven questions were related to mental rotations of polyomino pieces formed out of five to seven small squares (Figure 4) . Similar items were used in spatial ability tests such as Wheatley Spatial Ability Test (WSAT) (Wheatley, 1978) . The following attempts were made to ensure the validity and reliability of the testing items. Test items were reviewed, as a measure of student's mathematical skills, by three mathematics education specialists. Additionally, three teachers from fourth, fifth, and sixth grades examined the test items in terms of language use and their relevance to the curriculum. Finally, three students were observed as they answered the test questions. After making necessary changes, the test was piloted with 120 students from fourth, fifth, and sixth grades near the end of the school year.
The pilot study revealed the following. Overall test scores were statistically significantly correlated with students ' age (n=120, r=.212, p<.02), grade level (n=120, r=.273, p<.003) , and six graders' mathematics score for the year (n=34, r=.554, p<.001) showing some indicators of external validity of the test. Fourth and fifth graders' mathematics scores were not available at that time. Although boys had a higher mean score than girls, the difference was not statistically significant. Test reliability was sufficiently high (alpha=.768, number of cases=120, number of items= 24).
Treatment Materials
The main idea behind the treatment was to provide students with a setting in which they could search for functional uses of geometric shapes and thereby discover the relationships between 2D geometric figures. With this in mind, computer and concrete versions of the same Tangram puzzles were used. Thirty puzzles were designed by the researcher to range from very simple to complex geometric shapes. Simple to more complex were arranged by using increasingly more pieces and more transformations (i.e., rotations) in the puzzles ( Figure 5 for an easy and complex puzzles). 
RESULTS
The mean and standard deviations of pre and posttest scores are presented in Table 1 . As seen in the table, both computer and concrete groups have higher means than the control group on the posttest, the computer group having the highest. A closer look at the data shows that experimental, both computer and concrete, groups had relatively smaller means in the pretest than did the control group (Table 1 and Figure 6 ). The differences between the pre and posttest mean scores of the three groups can better be visualized in Figure 1 . At the beginning of the study, the students were assigned to the control and experimental groups based on their pretest scores so that there were no differences between the groups. During the study, however, some students left the study for external reasons. Therefore, minor differences occurred between the pretest mean scores of the three groups. Although very small, this difference might obscure some part of the gain. To better probe the actual gains, therefore, an analysis of variance was performed on a new variable (calculated by subtracting the pretest scores from the posttest scores) instead of running an ANOVA on posttest scores only. Analysis of variance on the differences between pre and posttest scores revealed statistically significant differences between the experimental and control groups, F(2, 90) = 6,822, p<.002. As presented in Table 2 , post hoc test found statistically significant differences between the computer and control groups at α=.01 and between the concrete and control groups at α=.05 level while revealing no statistically significant differences between the computer and concrete groups. Further exploratory analyses considering other variables such as grade level, gender, and scores on sub factors were carried out to detect any differences between the groups.
Grade Level Differences
There are statistically significant differences between fourth and fifth graders, both on pre and posttest scores (Table 3) . Additionally, as shown on Table 3 , the mean difference between fourth and fifth graders increased from pre to posttest, meaning more gains for the fifth graders. The hypothesis that fifth graders gained more from the intervention than did fourth graders was further supported with paired samples t tests. While fourth graders' improvement from pre to posttest was very minor and not statistically significant, fifth graders significantly improved from pre to posttest (n=47, SD=2.61, t=3.246, p<.002 ) with respect to total scores. See Table 4 for further details. Further analysis however showed that fourth and fifth graders responded differently to the computer and concrete treatments. When fourth graders were selected, ANOVA found statistically significant differences between the groups, F(2, 43)=4,080, p<.024). Post hoc analysis revealed that the concrete group's mean was significantly different from the control group's at α=0.05 level while the difference between the computer and control groups was not statistically significant. On the other hand, when fifth graders were selected, there were again statistically significant differences between the groups, F(2, 44)=3,352, p<.047. This time, however, the computer group's mean was statistically significantly different from the control group's at a=0.05 level. This finding shows that fourth graders gained more in concrete situation while fifth graders gained more in computer situation.
Gender Differences
Generally, boys did better than girls on both pre and posttests. As seen in Table 5 , even after the intervention, girls got lower scores than boys' pretest scores. Statistical testing of the above hypothesis revealed that although they obtained a higher mean, boys were not statistically significantly different from girls on the pre test (N=93, t=1.134, p=.26) but the difference became statistically significant after the intervention (N=93, t=2.050, p<.043) . In other words boys gained more from the intervention than did girls.
Improvements in Sub Factors
Although participants consistently increased their scores in all of the sub factors from pre to posttest, analysis of variance on the differences between pre and posttest scores of four sub factors revealed a statistically significant difference between control and experimental groups, F(2, 90)=8,719, p<.000) only for the spatial subdomain.
Comparison of the means of boys and girls in subfactors obtained from pre and posttests scores revealed statistically significant differences only on spatial tasks after the intervention, although the difference was not statistically significant before the intervention (Table 6 ). This finding also indicates that boys gained more from the intervention than did girls, with regard to the spatial tasks. 
DISCUSSION AND CONCLUSION
Consistent with the literature (Smith, Olkun & Middleton, 1998) , it appears that solving geometric puzzles with manipulatives, both computer and concrete, has a positive effect on students' geometric reasoning about two dimensional geometric shapes, especially on spatial tasks. Although the positive trend is obvious and the computer group gained relatively more from the intervention than did the concrete group, the overall difference between the experimental groups (concrete versus computer) was not statistically significant. Therefore, the choice between computer versus concrete manipulatives is not very clear.
In the details of the results however, it can be seen that fourth and fifth graders benefited differently from the intervention. Fourth graders gained more with concrete materials while fifth graders benefited more from the computer manipulative. One reason might be the amount of experience the students had with computers at the time of intervention. Additionally, boys benefited more from the intervention than did girls. Similar assertions can be made that boys were more familiar with computers because of computer games, at least for the culture in which the study was carried out.
Although participants made minor improvements in all of the subfactors, major improvement occured in only spatial tasks. In other words, improvement in spatial tasks did not carry through into other sub-factors such as spatio-numeric and mental rotation tasks. A possible reason for this lack of improvement might be the short intervention time. Longer intervention time with extensive use of manipulatives may produce different results (Sowell, 1989; Raphael & Wahlstrom, 1989) .
Based on these findings, in elementary mathematics classroom, both computer and concrete manipulatives can be used interchangeably or whichever is available in learning two dimensional geometry. It appears more appropriate, however, to use concrete manipulatives in early grades while moving gradually to computer manipulatives towards upper elementary grades. Introducing computers as "learning with playing" earlier is also suggested to make the students more familiar with the computer.
Future research should investigate the possibility of mixed group as compared to both computer and concrete situations in learning 2D geometry while taking students' preferences into account. Another line of future research might be to investigate the reactions and perceptions of students from several grades about different manipulatives used in learning the same mathematical content.
